The stem bark extracts of Bauhinia rufescens Lam. (Fabaceae) yielded 6-methoxy-7-methyl-8-hydroxydibenz[b,f]oxepin, α-amyrin acetate, β-sitosterol 3-O-β-D-xylopyranoside, 4-(2′-Hydroxyphenethyl)-5-methoxy-2-methylphenol, menisdaurin and sequoyitol. Their structures were determined using spectroscopic methods and comparisons with the literature data. For the antimicrobial assay Gram-positive and Gram-negative bacterial and fungal strains were tested, while the tyrosinase inhibition assay utilized L-DOPA as a substrate for the tyrosinase enzyme. 6-Methoxy-7-methyl-8-hydroxydibenz[b,f]oxepin, α-amyrin acetate, β-sitosterol 3-O-β-D-xylopyranoside, menisdaurin and sequoyitol showed weak to moderate activities with minimum inhibition concentration (MIC) values in the range of 112.5-900 µg/mL against all bacterial strains, while the MIC values for the fungal strains were in the range of 28.1-450 µg/mL. In the tyrosinase inhibition assay, α-amyrin acetate was found to be moderately active against tyrosinase with an inhibition of 62% at 0.1 mg/mL. This activity was lower than that of the positive control, kojic acid (85%).
Bauhinia rufescens, family Fabaceae, grows in the semi-arid areas of Africa. It is common in the wild and also used as an ornamental tree. In folk medicine, the plant is reported to have been used for the treatment of eye diseases [1] , mycosis in children, wounds [2] and malaria [3] .
Previous phytochemical screenings have revealed the presence of tannin, sterols, triterpenes, saponins [4] and phenolic compounds [5] . Maillard et al. reported the isolation of four tetracyclic compounds possessing antifungal activity from the root bark of the plant [6] . Our phytochemical examination of the stem bark of the plant led to the isolation of an oxepin, α-amyrin acetate, β-sitosterol 3-O-β-D-xylopyranoside, 1,2-dihydrostilbene (1), menisdaurin, and sequoyitol, which were isolated for the first time from B. rufescens. The compounds were identified based on their spectroscopic data as well as comparison with the reported literature. This paper reports the isolation and structure elucidation of 1,2-dihydrostilbene (1) for the first time, and also the antimicrobial and tyrosinase inhibition activities of the isolated compounds.
The dried pulverized stem bark of B. rufescens was successively extracted with light petroleum, ethyl acetate and methanol. The light petroleum extract was subjected to silica gel column chromatography. Further purification of one fraction by column chromatography and crystallization using n-hexane yielded a white crystalline substance, which was identified as 6-methoxy-7-methyl-8-hydroxydibenz[b,f]oxepin; this was previously reported from Cercis chinensis [7] . Purification of a further fraction from the light petroleum extract by silica gel column chromatography yielded a white solid, identified as α-amyrin acetate; this has been reported from, for example, Spilanthes acmella [8] and Tabernaemontena hystyx [9] . Subjecting the ethyl acetate extract to repeated column chromatography over silica gel afforded β-sitosterol 3-O-β-Dxylopyranoside. Spectroscopic data of the aglycone and glycone moieties were consistent with the reported values of the same compound isolated from Bauhinia candicans [10] . The 1,2-dihydrostilbene (1) was also obtained from the ethyl acetate extract as a sticky substance. Its 1 H NMR data showed signals for methyl and methoxyl protons at δ 2.09 and 3.77, respectively. Signals were observed for the presence of six aromatic protons at δ 7.12 (1H, dd, J = 7.2, 1.6 Hz, H-3′), 6.89 (1H, td, J = 7.2, 1.2 Hz, H-4′), 7.10 (1H, td, J = 7.6,1.6 Hz, H-5′), 6.77 (1H, dd, J = 7.6, 1.6 Hz, H-6′), 6.33 (1H, s, H-6) and 6.28 (1H, s, H-3). Triplet peaks appeared at δ 2.92 (2H, t, J = 7.4 Hz, H-α) and 2.85 (2H, t, J = 7.4 Hz, H-β) corresponding to aliphatic protons. The 1 H NMR and 1 H-1 H COSY spectra supported the presence of two aromatic rings in the molecule. In the 13 C NMR spectrum a total of sixteen signals were observed, which were classified by DEPT into six quaternary, six methine, two methylene and two methyl carbon atoms. In the HMQC experiment direct carbon-proton bond connections were observed between the two methylenes at δ H 2.83, 2.91 and δ C 36.2, 33.7; the methoxyl at δ H 3.77 with δ C 55.6; the methyl at δ H 2.09 with δ C 7.8; and the six aromatic methines at δ H 7.12, 7.10, 6.89, 6.77, 6.33, and 6.28 with δ C 130.3, 127.2, 120.8, 115.4, 108.0, and 103.5, respectively. The HMBC spectrum of the compound showed correlations from the 1-OH to C-3 and C-6; 5-OCH 3 to C-5, C-6 and C-α; 2-CH 3 to C-1, C-3 and C-4; and 2′-OH to C-1′ and C-β ( Figure 1 ). Based on these spectroscopic data, the 1,2dihydrostilbene (1) was identified as 4-(2′-hydroxyphenethyl)-5methoxy-2-methylphenol. This identification was supported by the HREIMS data, which showed the molecular ion peak at m/z = 258.1253 consistent with C 16 H 18 O 3 . To the best of our knowledge, 1,2-dihyrostilbene 1 has not been reported previously. In the methanol extract two polar compounds were isolated and identified as menisdaurin and sequoyitol, which were previously reported from Bauhinia sirindhorniae [11] and B. ungulata [12] , respectively.
The isolated compounds were tested against Gram-positive and Gram-negative bacteria, and fungi, and for their tyrosinase inhibitory activities (Tables 1 and 2 ). Streptomycin sulfate (MIC 14.1 to 56.2 µg/mL), nystatin (MIC 14.1 to 28.1 µg/mL) and kojic acid (%I 85%) were used as reference standards in the antibacterial, antifungal and tyrosinase inhibition assays, respectively. Oxepin was found to have weak to poor activity against the tested bacterial strains. Likewise, α-amyrin acetate and menisdaurin inhibited the growth of bacterial strains in the range of 450-900 µg/mL. Oxepin showed good activity against Aspergillus niger with a MIC value of 28.1 µg/mL compared with that of nystatin, which was 14.1 µg/mL. The growth of Candida glabrata and Saccharomyces cerevisiae were inhibited by the isolated compounds with a minimum inhibitory concentration range of 112.5-450 µg/mL. The isolated compounds were found to be relatively more active against the tested fungal strains than the bacterial strains. In the tyrosinase assay, α-amyrin acetate was found to inhibit the enzyme by 62% at a concentration of 0.1 mg/mL. In comparison, kojic acid inhibited this enzyme by 85% at the same concentration. Oxepin and β-sitosterol 3-O-β-D-xylopyranoside showed moderate inhibition, while menisdaurin and sequoyitol showed weak activity against tyrosinase. However, all the compounds exhibited lower % inhibition values against tyrosinase than kojic acid.
In conclusion, this work reports for the first time the isolation and structure elucidation of 1,2-dihydrostilbene 1, and the antimicrobial and tyrosinase inhibition activities of the isolated compounds from the stem bark of B. rufescens. In addition, this is the first report of the isolation of oxepin and α-amyrin acetate from the genus Bauhinia, whereas β-sitosterol 3-O-β-D-xylopyranoside, menisdaurin and seqouyitol were previously isolated from B. candicans, B. sirindhorniae and B. ungulata [10] [11] [12] , respectively.
Experimental
General: Melting points (uncorrected) were determined using a Leica Gallen III Kofler micro melting point apparatus. UV spectra were measured with a Shimadzu UV 1601PC spectrophotometer, and IR spectra were recorded on a Perkin-Elmer 1600 FTIR spectrophotometer. The 1 H-and 13 C-NMR spectra were recorded on a Bruker Avance 400 MHz spectrometer. Chemical shifts were recorded in parts per million (δ) in CDCl 3 . Mass spectra were obtained from the NUS Mass Spectrometry Service, Singapore.
Column chromatography was carried out on silica gel 70-230 mesh (Merck). Silica gel 60 F 254 precoated aluminum plates (0.2 mm, Merck) were used for TLC analysis; detection was performed by spraying with 5% H 2 SO 4 in methanol and 1% vanillin in methanol, followed by heating at 120°C for 5 min. The light petroleum extract (5.0 g) of the stem bark was purified over a silica gel column using light petroleum-diethyl etherchloroform-ethyl acetate-methanol step gradient to afford 230 fractions. Further purification of fraction 62 with a light petroleum, diethyl ether and ethyl acetate polar gradient by silica gel CC yielded 6-methoxy-7-methyl-8-hydroxydibenz[b,f]oxepin (23.7 mg, 0.47%) as white crystals (mp 129-131 o C; lit. [7] 126-128 o C). Fraction 37 was chromatographed over a silica gel column using a n-hexane-chloroform step gradient to give α-amyrin acetate (7.3 mg, 0.15%) as a white solid (mp 243-245 o C; lit. [8] 247-249 o C).
The ethyl acetate extract (8.0 g) was subjected to vacuum liquid chromatographic fractionation using a n-hexane, dichloromethane, ethyl acetate and methanol gradient to afford 18 fractions. Repeated CC of fraction 6 over silica gel afforded β-sitosterol 3-O-β-Dxylopyranoside (6.8 mg, 0.09%) as a white solid (mp 199-201 o C; lit. [13] 196-198 o C). Fraction 8 was subjected to gravity CC using a light petroleum, chloroform, ethyl acetate, acetone and methanol gradient. Further purification of fraction 47 using preparative TLC (dichloromethane-ethyl acetate; 95:5) yielded a 1,2-dihydrostilbene (1) (1.2 mg, 0.01%) as a sticky substance.
The methanol extract (10.0 g) was fractionated using VLC with chloroform-methanol, ethyl acetate-methanol, acetone-methanol and methanol gradient to afford 22 fractions. Fraction 10 was subjected to further purification using CC with n-hexanechloroform, chloroform-methanol, acetone-methanol, methanol polarity gradient to afford menisdaurin (39.7 mg, 7.48%) and sequoyitol (37.1 mg, 6.99%) as flakey and brown sticky substances, respectively. 
Minimum inhibitory concentration (MIC):
The MIC was determined by the broth micro dilution method using 96-well microplates [14] . The inoculate of the microbial strains was prepared from 24 h broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. Each compound (1.8 mg) was dissolved in DMSO (1 mL) to obtain a 1800 μg/mL stock solution. A number of wells were reserved in each plate for positive and negative controls. Sterile broth (100 μL) was added to the well from row B to H. The stock solutions of samples (100 μL) were added to the wells in rows A and B. Then, the mixture of samples and sterile broth (100 μL) in row B was transferred to each well in order to obtain a twofold serial dilution of the stock samples (concentration of 1800, 900, 450, 225, 112.5, 56.5, 28.12 and 14.06 μg/mL). The inoculum (100 μL) was added to a final volume of 200 µL in each well. Streptomycin sulfate and nystatin were used as positive controls for bacteria and fungi, respectively. Plates were incubated at 37°C for 24 h. Microbial growth was indicated by the presence of turbidity and a pellet at the bottom of the well.
Antityrosinase activity: Tyrosinase inhibitory activity was determined using the method described by Kubo et al. [15] , with modifications. Each compound (0.1 mg/mL, 40 µL) was mixed with sodium phosphate buffer (100 mM, 80 µL, pH 6.8) and then L-DOPA solution (2.5 mM, 40 µL) and mushroom tyrosinase enzyme (100 units/mL, 40 µL) were added into a 96-well plate. The test mixture (200 µL) was mixed well and incubated at 37ºC for 10 min. DMSO instead of the compound was used as a control. The absorbance level was obtained with a multiplate reader at 515 nm with reference to 655 nm, and the percentage inhibition of tyrosinase activity was calculated by the following formula:
%I =
Absorbance blank Absorbance tyrosinase sample Absorbance blank 100
